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Regarding “Changes in aneurysm volume after
endovascular repair of abdominal aortic aneurysm”
Jan D. Blankensteijn, MD, Utrecht, The Netherlands
In February 2001, at the XIII International Congress
on Endovascular Interventions in Scottsdale, Ariz, the au-
dience members of an interactive session on endotension
were asked whether they used computed tomography an-
giography–derived volume measurements to follow their
AAA endografts. Less than 5% replied that they do so.
However, the subsequent question, whether one would
want to use volume measurements, showed an overwhelm-
ing yes in more than 50% of the responders.
The appeal of volume measurements on one hand and
the limitations of diameter measurements on the other are
well recognized. At the same time, the implementation of a
volume-based follow-up program after endovascular AAA
repair apparently has posed insurmountable difficulties in
most institutions. Only a few centers, including Stanford
University Hospital and our institution, have managed to
perform the time-consuming and expensive volume mea-
surements on all of their patients for endovascular AAA
repair at all follow-up intervals.
Although intuitively volume measurements are more
sensitive to changes in aneurysm size than single-plane
diameter measurements, none of the volume centers have
been able to show superiority of volume assessment in
terms of indicating inadequate exclusion or the need for
reintervention, let alone in predicting rupture. This is
largely because ruptures after endovascular AAA repair are
extremely uncommon but also because these centers have
based their clinical judgement and assessment of the need
for reintervention on volume changes already. Evidently,
such a protocol cannot be used to show the advantage of
earlier detection of problems because these problems are
infrequently allowed to continue until evident with diame-
ter measurements.
In this issue of the Journal of Vascular Surgery, Wolf et
al have analyzed their volume follow-up series to test the
hypothesis that changes in volume are a more sensitive
marker of aneurysm exclusion than changes in maximal
transverse diameter. There is a problem with this hypothe-
sis. Between volume changes and aneurysm exclusion lie
two steps: the relationship between volume/diameter and
size change and the relationship between size change and
aneurysm exclusion. The first relationship does not need
proof. It is a mathematic law that volume changes are more
pronounced than diameter changes when a body grows or
shrinks in three dimensions. If our measuring tools were
infinitely accurate, diameter assessment would suffice. The
truth is that a large number of variables in the measuring
process are responsible for us not being able to reproduce
our measurements within 5% for one observer and within
10% for different observers, regardless of volume or diam-
eter measurements.1 Volume measurements are more sen-
sitive to size changes than diameter measurements because
volume can easily alter by 20% while diameter changes
remain within the reproducibility limits of 5% to 10%.
The limitations of the second relationship (between
aneurysm size change and exclusion) make the hypothesis
of this study almost impossible to reject or accept. If
sensitivity is to be tested, a definition of a gold standard—
in this case aneurysm exclusion— is required. Although on
average AAA sacs shrink without endoleak and grow with
endoleak, the presence or absence of endoleak has been
shown not to have a one-to-one association with effective
aneurysm exclusion. In our experience, the value of volume
measurements is particularly evident in situations of dis-
crepancy between size change and endoleak (for instance, if
no endoleak can be detected but early volume increase
indicates inadequate exclusion).
Another finding by Wolf et al is a significant correlation
between aneurysm volume and diameter. In calculation of a
correlation coefficient, the null hypothesis should be that
the two entities tested are not related. This hypothesis can
be rejected at an R value that corresponds with P  .05,
indicating a statistically significant correlation. But in this
case, there is no reason to believe volume is not related to
diameter because both entities measure the same thing:
size. Not finding a statistical significant relationship would
surprise me more.
Another confusing topic is the logistic regression anal-
ysis the authors have used. It appears to indicate that
volume is more closely associated with the presence of an
endoleak than diameter. But at the same time the authors
conclude that the association of volume and endoleak does
not appear to be appreciably stronger than diameter. The 
and P values of a logistic regression analysis are not appro-
priate to find the most sensitive quantification of size
change, mainly because volume and transverse and orthog-
onal diameters are strongly colinear entities but also be-
cause the authors have used subjective and unsubstantiated
cutoff values for significant diameter change (2 mm). The
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reproducibility coefficient of diameter measurements is
more likely to be in the order of 10% (5 mm).1
Finally, the authors have disregarded the nonlinear
characteristics of the shrinking process by lumping together
measurements at all follow-up intervals and comparing
initial with latest measurements. Volume may well be more
sensitive for aneurysm exclusion than diameter in the first
year only. In Table II, they report –8.8% volume change
(P  .05), –4.7% orthogonal diameter change (P  .01),
and –5.9% transverse diameter change (P  .001). At first
glance, the lowest P value appears to be the most sensitive
parameter, but a statistically significant difference between
initial and latest average value does not translate into de-
tectable or nondetectable size change. With a reproducibil-
ity coefficient of 5% for both diameter and volume, which is
attainable for one observer, it is clear that the average
volume change is well above the detection level whereas the
diameter changes are barely or not.2 This is why series like
these might report 65% shrinkage at 6 months by volume
but only 30% by diameter.
In conclusion, I believe the authors have certainly
addressed an important question: is volume a better indi-
cator of adequate aneurysm exclusion? But they have failed
to answer it. They are underestimating the true value of
volume by using a visible endoleak as gold standard and by
applying reproducibility thresholds for diameter change
that are too low. The true value of volume measurements
(as a better indicator of exclusion than diameter change or
endoleak) could be shown if normalized curves of both
diameter and volume of individual patients after endovas-
cular AAA repair are evaluated and rated for exclusion and
clinical consequences by observers blinded to the type of
measurement.
REFERENCES
1. Wever JJ, Blankensteijn JD, van Rijn JC, Broeders IA, Eikelboom BC,
Mali WP. Inter- and intraobserver variability of CT measurements
obtained after endovascular repair of abdominal aortic aneurysms. A J R
Am J Roentgenol 2000;175:1279-82.
2. Wever JJ, Blankensteijn JD, Th M Mali WP, Eikelboom BC. Maximal
aneurysm diameter follow-up is inadequate after endovascular abdom-
inal aortic aneurysm repair. Eur J Vasc Endovasc Surg 2000;20:177-82.
Submitted Apr 11, 2002; accepted Apr 17, 2002.
Please see related article by Dr Yehuda G. Wolf et al on
pages 305-9.
BOUND VOLUMES AVAILABLE TO SUBSCRIBERS
Bound volumes of the Journal of Vascular Surgery for 2002 are available to subscribers only. They may
be purchased from the publisher at a cost of $119 for domestic, $147.66 for Canadian, and $138 for
international subscribers for Vol 35 (January to June) and Vol 36 (July to December). Price includes
shipping charges. Each bound volume contains a subject and author index, and all advertising is removed.
The binding is durable buckram with the journal name, volume number, and year stamped in gold on the
spine. Payment must accompany all orders. Contact Mosby, Subscription Customer Service, 6277 Sea
Harbor Dr, Orlando, FL 32887; phone 800-654-2452 or 407-345-4000.
Subscriptions must be in force to qualify. Bound volumes are not available in place of a regular Journal
subscription.
JOURNAL OF VASCULAR SURGERY
Volume 36, Number 2 Blankensteijn 413
